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Objective: The purpose of this study was to investigate the prevalence of symptomatic lumbar spinal
stenosis (LSS) and to clarify the association between symptomatic LSS and physical performance using
magnetic resonance imaging (MRI) in a population-based cohort.
Design: This cross-sectional study was performed as a part of the Research on Osteoarthritis/osteoporosis
Against Disability (ROAD) in Japan and 1,009 subjects (335 men, 674 women, mean age 66.3 years, age
range 21e97 years) were analyzed. An experienced orthopedic surgeon obtained the medical history and
performed the physical testing for all participants. Symptomatic LSS diagnostic criteria required the
presence of both symptoms and radiographic LSS ﬁndings. A 6-m walking time, chair standing time, and
one-leg standing time were obtained from all participants.
Results: The prevalence of symptomatic LSS was 9.3% (95% conﬁdence interval [CI]: 7.7e11.3) overall,
10.1% (CI: 7.4e13.8) in men and 8.9% (CI: 7.0e11.3) in women. There was a difference in the prevalence
with increasing age by gender. The LSS prevalence showed little difference with age greater than 70 years
for men, but the LSS prevalence for womenwas higher with increasing age. Among physical performance
measures, 6-m walking time at a maximal pace was signiﬁcantly associated with symptomatic LSS
(P ¼ 0.03).
Conclusion: The prevalence of symptomatic LSS was approximately 10% in a cohort resembling the
general Japanese population. A 6-m walking time at a maximal pace was a more sensitive index than
walking at a usual pace in assessing decreased physical performance associated with symptomatic LSS.
 2012 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Symptomatic lumbar spinal stenosis (LSS) is usually associated
with impaired walking and other disabilities in the elderly. Symp-
tomatic LSS has been shown to be the most frequent indication for
spinal surgery in patients more than 65 years old1,2. However, little
is known about the prevalence of symptomatic LSS in the general
population. This is because the subjects in previous symptomatic
LSS studies were limited to patients who visited the hospital3,4.
Hence, people with minor symptomatic LSS who did not visit theto: M. Yoshida, Wakayama
ra, Wakayama city 641-8509
Yoshida).
s Research Society International. Phospital were not included in those studies. Furthermore, an
examination that can capture minute changes of the intervertebral
discs and ligaments using a tool like magnetic resonance imaging
(MRI) is essential for the diagnosis of symptomatic LSS. This is
because the deﬁnition of stenosis includes a morphological
element. Many previous studies have reported the utility of MRI5,6,
but, to our knowledge, there have been no population-based cohort
studies of symptomatic LSS using MRI.
It is well-known that the principal symptoms for LSS are sciatica
and intermittent claudication (IC)1,2. Although most patients with
MRI evidence of radiographic LSS are asymptomatic7,8, when
symptoms are present, severe symptoms are probably associated
with poor physical performance. There have been few reports
concerning physical performance of patients with symptomatic
LSS9,10. According to a previous report concerning walking ability ofublished by Elsevier Ltd. All rights reserved.
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Fig. 1. Flow diagram depicting participants recruited to the Wakayama Spine Study
from the ROAD study.
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ders (knee osteoarthritis, hip osteoarthritis, and symptomatic LSS)
who were scheduled for either joint replacement or spinal
decompression surgery, walking ability was limited in all three
groups compared to healthy controls9. However, patients with
symptomatic LSS showed the greatest restrictions in walking
ability. In another report regarding subjects with symptomatic LSS
in an orthopedic clinical practice, subjects in the healthy group
showed greater functional mobility than those in the symptomatic
LSS group10. The subjects included in the previous studies had
enough symptoms to have visited the hospital, however, the
association of physical performance measures with symptomatic
LSS in subjects with minor symptoms who do not visit the hospital
has not been well characterized. Although there may be a latent
diminished physical functioning in symptomatic LSS with even
minor radiographic changes and symptoms, there have been no
population-based studies on symptomatic LSS that have included
people with minor signs and symptoms of LSS.
Symptomatic LSS in this study was diagnosed by the presence of
both clinical symptoms and radiographic LSS ﬁndings consistent
with the clinical presentation. The aim of the present study was to
clarify the prevalence of symptomatic LSS by gender and age strata
using a population-based cohort. In addition, the association of
symptomatic LSS with physical performance measures (walking
speed, chair standing time, and one-leg standing time) was
evaluated.
Methods
Participants
The present study, entitled “the Wakayama Spine Study:
population-based cohort”, was a population-based study for
degenerative spinal disease and performed in a subcohort of the
large-scale population-based cohort study called Research on
Osteoarthritis/osteoporosis Against Disability (ROAD). ROAD is
a nationwide, prospective study of bone and joint diseases con-
sisting of population-based cohorts established in several
communities in Japan. As a detailed proﬁle of the ROAD study has
already been described elsewhere, only a brief summary is
provided here1114. To date, creation of a baseline database
including clinical and genetic information for 3,040 inhabitants
(1,061 men, 1,979 women) in the age range of 23e95 years (mean,
70.6 years) has been completed. Participants were recruited from
listings of resident registrations in three communities: an urban
region in Itabashi, Tokyo; a mountainous region in Hidakagawa,
Wakayama; and a coastal region in Taiji, Wakayama. All partici-
pants provided written informed consent, and the study was con-
ducted with the approval of ethical committees of the University of
Tokyo and the Tokyo Metropolitan Institute of Gerontology.
Participants completed an interviewer-administered questionnaire
of 400 items that included lifestyle information, underwent
anthropometric measurements, and physical performance
measures were recorded. A second visit of the ROAD study to the
mountainous region of Hidakagawa and the seacoast region of Taiji
was performed between 2008 and 2010. From inhabitants partici-
pating in the second visit of the ROAD study, 1,063 volunteers were
recruited to undergo MRI examinations. Fifty-two of the 1,063
volunteers declined the MRI examination, therefore, 1,011 were
registered in the present study. All participants provided another
written informed consent for the MRI examination. Among those
1,011 participants, two participants with LSS symptoms for whom
MRI was contraindicated (due to presence of a pacemaker) were
excluded, because a ﬁnal diagnosis of symptomatic LSS could not be
made (Fig. 1). Thus, 1,009 participants (335 men and 674 women,mean age 66.3 years, age range of 21e97 years) were analyzed in
the present study. Similar to the baseline study, participants in the
second visit of the ROAD study completed an interviewer-
administered questionnaire of 400 items that included lifestyle
information such as smoking habits, alcohol consumption, family
history, past history, physical activity, reproductive variables, and
health-related quality of life (QOL). Anthropometric measurements
included height, weight, bilateral grip strength, and body mass
index (BMI) (weight [kg]/height2 [m2]). The ankle-brachial index
(ABI) was measured using PWV/ABI (OMRON Co., Kyoto, Japan) for
all participants. A timed 6-mwalk at the participant’s usual pace in
a hallwaywas recorded tomeasure physical performance. Similarly,
6-m walking time at a maximal pace was measured15e18. The time
taken for ﬁve consecutive chair rises without the use of hands was
also recorded1820. One-leg standing time with each leg was
measured using a stopwatch (upper limit, 60 s) and the time
adopted was the mean value of both legs21,22.
MRI
A mobile MRI (Excelart 1.5 T, Toshiba, Tokyo, Japan) unit was
used in the present study, and total spinal MRI was performed for
all participants on the same day as the examination. MRI exclusion
criteria included presence of a cardiac pacemaker, claustrophobia,
or other contraindications. The participants were positioned in
supine during the MRI, and those with rounded backs used trian-
gular pillows under their head and knees. The imaging protocol
included sagittal T2-weighted fast spin echo (FSE) (repetition time
(TR): 4,000 ms/echo, echo time (TE): 120 ms, ﬁeld of view (FOV):
300 320mm), and axial T2-weighted FSE (TR: 4,000 ms/echo, TE:
120 ms, FOV: 180  180 mm). Sagittal images were taken for the
entire spine, but axial images were done at each lumbar interver-
tebral level (L1/2eL5/S1) parallel to the vertebral endplates.
Symptomatic LSS diagnosis
An experienced orthopedic surgeon (YI) consistently took the
medical history and performed the physical testing for all the
participants in this study. The history included information on the
Table I
Characteristics of participants
Total Men Women P value for
gender
No. of participants 1009 335 674
Age group (years)
&39 30 11 19 e
40e49 100 26 74 e
50e59 184 61 123 e
60e69 229 68 161 e
70e79 271 94 177 e
S80 195 75 120 e
Demographic characteristics
Age, years 66.3 13.6 67.3 13.8 65.9 13.4 0.11
Height, cm 155.9 9.4 164.5 7.1 151.6 7.2 <0.0001
Weight, kg 56.8 11.5 64.4 11.7 53.1 9.4 <0.0001
BMI, kg/m2 23.3 3.6 23.7 3.5 23.1 3.6 0.005
Physical performance
Six-meter walking
time at a usual pace, s
5.7 2.2 5.5 1.5 5.8 2.4 0.04
Six-meter walking time
at a maximal pace, s
3.9 1.4 3.6 1.1 4.0 1.6 <0.0001
Chair standing time, s 8.9 4.0 8.8 3.4 8.9 4.2 0.61
One-leg standing time, s 36.0 23.7 35.7 24.0 36.1 23.6 0.82
Non-paired t-test was used to determine differences in demographic characteristics
and measurements of physical performance between men and women. Values are
the means standard deviation.
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discomfort, the presence of IC and its distance, and a modiﬁed
Zurich Claudication Questionnaire23 (excepting six items about
satisfaction and a history of lumbar surgery for symptomatic LSS).
Physical examinations included symptoms induced by lumbar
extension, symptoms improved or induced with lumbar ﬂexion,
ﬂoor ﬁnger distance (cm), peripheral circulation (good or poor),
a straight leg raising test, manual muscle testing of both upper and
lower extremities, tendon reﬂex testing for both upper and lower
extremities, and Babinski reﬂex testing. In addition, the MRI study
of the entire spine was performed on all participants on the same
day as the physical examination.
The diagnostic criteria for symptomatic LSS used in the present
study were based on the LSS deﬁnition from the North American
Spine Society (NASS) guideline, which requires presentation of both
LSS symptoms and radiographic signs of LSS24. The orthopedic
surgeon (YI) made the diagnosis of symptomatic LSS using this
deﬁnition. The diagnosis for LSS symptoms required one or more of
the following symptoms: pain, numbness and neurological deﬁcits
in the lower extremities and buttocks, and bladder/bowel
dysfunction. The symptom characteristics should be induced or
exacerbated with walking or prolonged standing and relieved with
lumbar ﬂexion, sitting and recumbency. The severity of radio-
graphic LSS was assessed by qualitativemeasurements, which were
performed by a well-experienced orthopedic surgeon (YI) and
images were provided on ﬁlms. The features assessed for LSS
included severity of central, lateral recess, and foraminal stenosis,
rated as four grades: none, mild, moderate and severe. The lateral
recess was deﬁned, as per Fardon and Millette25, as extending from
the medial edge of the facet to the edge of the neural foramen. We
applied the general guideline classiﬁcation of a26 mild stenosis as
narrowing of the normal area by one-third or less, moderate
stenosis as narrowing between one-third and two-thirds, and
severe stenosis as narrowing of more than two-thirds. Central and
lateral recess stenosis was rated on the axial images and foraminal
stenosis on the sagittal images. We used the most severe side for
the rating of lateral and foraminal stenosis at each level. The same
observer scored 50 randomly selected lumbar MRI ﬁlms more than
1 month after the ﬁrst reading to evaluate the intraobserver vari-
ability of the severity rating. Two experienced orthopedic surgeons
also scored 50 different lumbar MRI ﬁlms (YI & KN) for interob-
server variability. The intraobserver variability was conﬁrmed by
a kappa analysis which dichotomized radiographic LSS severity as
no/mild stenosis vs moderate/severe stenosis, and showed sufﬁ-
cient reliability for assessment of central, lateral and foraminal
stenosis (0.77, 0.70 and 0.65, respectively). Interobserver variability
was also sufﬁcient for assessment using the kappa analysis (0.71,
0.65 and 0.65, respectively).
Radiographic LSS also required the severity to be more than
moderate and the radiographic ﬁnding needs to be consistent with
the symptoms as outlined above. An experienced orthopedic
surgeon (YI) made the ﬁnal diagnosis of symptomatic LSS using this
deﬁnition, which requires presentation of both LSS symptoms and
radiographic LSS ﬁndings. There were no participants with LSS
symptoms due to tumor, inﬂammatory, or traumatic pathologies.
Statistical analysis
All statistical analyses were performed using JMP version 8 (SAS
Institute Japan, Tokyo, Japan). Differences in age, height, weight,
BMI, 6-m walking time at a usual pace, 6-m walking time at
a maximal pace, chair standing time, and one-leg standing time
between men and women were examined by the non-paired
Student’s t-test. The non-paired Student’s t-test was also used to
compare age between participants with and without symptomaticLSS. The prevalence of symptomatic LSS was also compared
between men and women by the chi-square test. Differences in
physical performance measures (6-m walking time at a usual pace,
6-mwalking time at a maximal pace, chair standing time, and one-
leg standing time) between participants with and without symp-
tomatic LSS were examined by the non-paired Student’s t-test.
Furthermore, logistic regression analysis was used to estimate the
odds ratios (ORs) of physical performance measures (6-m walking
time at a usual pace, 6-m walking time at a maximal pace, chair
standing time, and one-leg standing time) for symptomatic LSS
after adjustment for age, gender and BMI.Results
Table I shows the characteristics of 1,009 participants (335 men
and 674 women, mean age 66.3 years, age range of 21e97 years)
including age, anthropometric measurements, and physical
performance in the present study. Two-thirds of the 1,009 partici-
pants were women. Mean age was not signiﬁcantly different
between men and women. BMI was signiﬁcantly lower in women
than inmen (P¼ 0.005). Physical performancemeasures of the 6-m
walking time at a usual pace and at a maximal pace were signiﬁ-
cantly shorter in men than in women (P < 0.05 for both), while
chair standing time and one-leg standing time were not signiﬁ-
cantly different between men and women.
The prevalence of radiographic LSS ﬁndings was much greater
than the prevalence of symptomatic LSS for the participants in this
study. The percentage of participants with moderate or severe
radiographic central stenosis was 76.5% (95% conﬁdence interval
[CI]: 73.7e79.0) in total, while the prevalence of symptomatic LSS
was 9.3% (95% CI: 7.7e11.3) in total, 10.1% (CI: 7.4e13.8) in men, and
8.9% (CI: 7.0e11.3) in women. There was no signiﬁcant difference
between men and women (P ¼ 0.52). The prevalence in men less
than 39 years, 40e49, 50e59, 60e69, 70e79, and 80 years and
older was 0%, 3.8% (CI: 0.7e18.9), 9.8% (CI: 4.6e19.8), 11.8% (CI:
6.1e21.5), 11.7% (CI: 6.7e19.8), and 10.7% (CI: 5.6e19.7), respec-
tively, while that in women was 0%, 1.4% (CI: 0.2e7.3), 5.7% (CI:
2.8e11.3), 9.3% (5.7e14.8), 11.9% (CI: 7.9e17.5), and 13.3% (CI:
8.4e20.6), respectively (Fig. 2). The prevalence of both genders
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Fig. 2. Prevalence of symptomatic LSS classiﬁed by age and gender among 1,009
participants from a community cohort in Japan.
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prevalence in men was higher than that of women. However, the
prevalence for women was higher than that of men after age 70.
The prevalence of symptomatic LSS in men demonstrated little
difference between age groups 60e69 years to over 80 years, but
the prevalence for women became signiﬁcantly higher with
increasing aging (P ¼ 0.036).
Fifty-ﬁve (58.5%) of 94 participants deﬁned as having symp-
tomatic LSS had IC. Five of these 55 participants presented with an
ABI< 0.9. However, these ﬁve participants also had symptomatic
LSS and their leg symptoms were positionally dependent. In this
study, there were ﬁfty neurogenic IC cases. There were ﬁve cases of
unspeciﬁed IC, which was caused by both neurogenic and vascular
claudication.
Table II shows the physical performance measures in partici-
pants with and without symptomatic LSS. In the overall population,
6-m walking time at a usual pace, 6-m walking time at a maximal
pace, chair standing time, and one-leg standing time were signiﬁ-
cantly worse in participants with symptomatic LSS than those
without symptomatic LSS (P < 0.01 for all). When analyzed in men
and women separately, the results were similar to those overall,
although the signiﬁcant differences disappeared in some physical
performance measures in men. The signiﬁcant differences of 6-m
walking time at a usual pace in both genders and one-leg
standing time in men disappeared after a Bonferroni adjustment.Table II
Measurements of each physical performance in participants with and without symptom
Total
LSS Non-LSS P value
Number of participants 94 915
Physical performance
Six-meter walking time at a usual pace, s 6.3 2.7 5.6 2.1 0.003
Six-meter walking time at a maximal pace, s 4.5 2.1 3.8 1.3 <0.0001
Chair standing time, s 10.1 4.0 8.8 3.9 0.002
One-leg standing time, s 27.9 23.5 36.8 23.6 0.0005
Values are the means standard deviation.
Non-paired t-test was used to determine differences in measurements of physical perfoLogistic regression analysis after adjustment for age, gender and
BMI showed that 6-m walking time at a maximal pace was signif-
icantly associated with symptomatic LSS (OR: 1.17, 95% CI:
1.01e1.34). The physical performance measures of 6-m walking
time at a usual pace, chair standing time, and one-leg standing time
were not signiﬁcantly associated with symptomatic LSS (OR: 1.04,
95% CI: 0.94e1.13, OR: 1.03, 95% CI: 0.97e1.09 and OR: 1.00, 95% CI:
0.98e1.01, respectively).Discussion
The present study is the ﬁrst to clarify the prevalence of
symptomatic LSS by gender and age strata and the association of
symptomatic LSS with physical performance measures using
a population-based cohort. The prevalence of symptomatic LSS was
found to be 9.3% in the general Japanese population, 10.1% in men,
8.9% in women, and there were no signiﬁcant differences between
genders. Interestingly, although the prevalence in women was
higher with increasing age, the prevalence in men was the highest
at 60e69 years, and little difference in prevalence was seen in men
aged 60e69 years to 80 years or older. The prevalence of
radiographic LSS was much greater than the prevalence of
symptomatic LSS, with only a small proportion of participants
with radiographic LSS actually showing symptoms suggestive of
the clinical syndrome. The 6-m walking time at a maximal pace
was signiﬁcantly associated with symptomatic LSS, while the 6-m
walking time at a usual pace was not.
We have identiﬁed no previous studies of symptomatic LSS
prevalence. Johnsson4 reported that the incidence of symptomatic
LSS was 50/million person-years in southern Sweden in a study of
patients who consulted the orthopedic department in two cities.
However, as the author of that report described, the incidence of
symptomatic LSS could be underestimated, because the studies did
not include patients with minor symptoms who did not visit the
hospital. This study is the ﬁrst to clarify the prevalence of symp-
tomatic LSS using a population-based cohort study.
Reported differences in prevalence of symptomatic LSS between
men and women are mixed2729. Verbiest reported a preponder-
ance of symptomatic LSS in men as compared to women among his
patients diagnosed by clinical symptoms and myelography28.
However, Getty reported an equal gender distribution of symp-
tomatic LSS prevalence in a series in which subjects were treated
surgically for symptomatic LSS29. It is important to note that the
subjects in those studies were patients who visited hospitals. In the
present study, differences in the prevalence of symptomatic LSS
between men and women in the general population were clariﬁed.
The prevalence of symptomatic LSS in menwas slightly higher than
inwomen, but therewas no signiﬁcant difference between genders.
There was a difference in distribution of symptomatic LSS between
men and women. The prevalence in women was higher with
increasing age, but that in menwas the highest at 60e69 years andatic LSS
Men Women
LSS Non-LSS P value LSS Non-LSS P value
34 301 60 614
6.0 1.6 5.4 1.5 0.03 6.5 3.1 5.7 2.3 0.02
3.9 1.1 3.6 1.1 0.09 4.8 2.4 3.9 1.5 <0.0001
9.7 2.8 8.7 3.4 0.10 10.3 4.6 8.8 4.1 0.008
27.7 25.4 36.7 23.7 0.04 28.0 22.6 36.9 23.5 0.006
rmance between LSS and non-LSS.
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prevalence of lumbar spondylosis (LS) diagnosed as Kellgren/Law-
rence (KL) grade two or greater (deﬁned as osteophyte formation
with and without disc space narrowing) was found to be signiﬁ-
cantly higher in men than in women30. The prevalence of LS in
women was found to be higher with increasing age, while that in
men found little difference over 60 years13. Interestingly, these
distribution patterns are similar to the prevalence of symptomatic
LSS in the present study. Anatomical LSS arises from degenerative
LS, and facet osteoarthritis and/or hypertrophy, which is associated
with narrowing of the space available for the neural elements1. This
may be one reason for the similarity between LS and symptomatic
LSS prevalence.
The present study was the ﬁrst to show that, among the general
population, 6-m walking time at a maximal pace was signiﬁcantly
associated with symptomatic LSS, while 6-m walking time at
a usual pace was not. This may mean that participants with
symptomatic LSS appeared to have no disadvantage concerning
activities of daily living compared to those without symptomatic
LSS. However, when requiring greater functional reserve, such as 6-
m walking time at a maximal pace, differences between partici-
pants with and without symptomatic LSS appeared. This is also the
ﬁrst study to indicate that tasks requiring greater functional
reserve, such as walking at a maximal speed, could be a more
sensitive index in assessment of decreased physical performance
due to symptomatic LSS.
There are several limitations in the present study. First, although
the present study included more than 1,000 participants, these
participants may not represent the general population as theywere
recruited from only two areas. However, anthropometric
measurements were compared between participants and the
general Japanese population, and no signiﬁcant differences were
found in BMI (men: 23.71 (3.41) and 23.95 (2.64), P¼ 0.33, women:
23.06 (3.42) and 23.50 (3.69), P ¼ 0.07)31. In addition, the propor-
tion of current smokers and current drinkers (those who regularly
smoked or drank more than one drink/month) in the general
Japanese population was compared with that in the study pop-
ulation. Proportions of current smokers and drinkers in men and
that of current drinkers in women were signiﬁcantly higher in the
general Japanese population than in the study population, but there
were no signiﬁcant differences in that of current smokers inwomen
(smokers: men, 32.6% in the Japanese population, 25.2% in study
participants, P ¼ 0.015; women, 4.9% in the Japanese population,
4.1% in study participants, P ¼ 0.50; drinkers: men, 73.9% in the
Japanese population, 56.8% in study participants, P < 0.0001;
women, 28.1% in the Japanese population, 18.8% in study partici-
pants, P < 0.0001), suggesting that it is likely that the participants
(both men and women) had healthier lifestyles than the general
Japanese population. Second, this is a cross-sectional study, so any
causal relationship between symptomatic LSS and physical
performance cannot be clariﬁed. The Wakayama Spine Study is
a longitudinal survey, so further progress will help to elucidate any
causal relationships. Thirds, total walking distance/duration was
not measured, and this metric for walking would likely have been
of greater relevance to symptomatic LSS than speed of walking. In
addition, this study only represents the Japanese population, hence,
prevalence in other countries may be quite different.
In conclusion, the present study clariﬁed that the prevalence
of symptomatic LSS was about 10% in a cohort resembling the
Japanese general population. There was a difference in the prev-
alence of symptomatic LSS distribution by age strata between
men and women. The 6-m walking time at a maximal pace was
a more sensitive index for assessing decreased physical perfor-
mance due to LSS than the 6-m walking time at a usual pace.
Further longitudinal surveys of the Wakayama Spine Study willhelp to further clarify the incidence and risk factors for symp-
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